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Description 

This invention relates to crystalline polypropylene excellent in rigidity, heat resistance , and surface 
ha rdness and to a crystalline polypropylene composition containing the same, which is excellent in rigidity 
5 and heat resistance. 

Crystalline polypropylene is widely used as a general-purpose resin because of its relatively excellent 
rigidity, heat resistance and surface hardness. However, these properties possessed by crystalline poly- 
propylene are still unsatisfactory as compared with those of ABS resins, polystyrene resins or various 
engineering plastics. 

70 Isotactic polypropylene is a stereoregular polymer, and the solid thereof has a partially crystallized 
structure. The properties of a solid are known to be intimately related to the solid structure. That is. the 
above-described various properties generally depend on the degree of crystallization, and as the crystal- 
linity increases, the rigidity, heat resistance, and surface hardness are improved. From this point of view, 
many approaches to improve these properties have hitherto been made, such as a method for reducing the 

75 by-produced atactic component by, for example, improving the catalyst as disclosed in Kagaku Zokan 43 . 
"Kobunshi no Characterization to Bussei", Kagaku Dojin (1970); a method for broadening a molecular 
weight distribution as disclosed In JP-A-59-172507 and J P-A-62- 195007 (the term "JP-A" as used herein 
means an "unexamined published Japanese patent application"); and a method using a nucleating agent, 
for example, an aluminum or sodium salt of an aromatic carboxylic acid (see JP-A-58-80329). an aromatic 

20 carboxylic acid, an aromatic phosphoric acid salt, a sorbitol derivative [see JP-B-55-12460 (the term "JP-B" 
as used herein means an "examined published Japanese patent application") and JP-A-58- 129036], and a 
specific high-molecular weight nucleating agent (see J P-A-60- 139710 and J P-A-60- 139731). 

EP-A-0151883 discloses a crystalline polypropylene polymer composition and EP-A-0227300 discloses 
an electrically insulating material comprising stretched polypropylene film. However, the polypropytenes of 

25 these disclosures have L>Lc which does not satisfy the requirement of the present Application, since their 
molecular weight distributions are narrow (Mw/Mn<10). 

However, none of these known methods have achieved sufficient improvements in the properties. 
On the other hand, polypropylene Is most commonly formed into a desired shape after being once 
melted. Its crystallinity changes depending on the processing conditions, and thereby varying its properties. 

30 More specifically, rigidity and the like can be improved by a method of reducing the rate of cooling for 
crystallization, a method in which a molded article is subjected to annealing at a high temperature below the 
melting point, or the like technique. However, these methods cause reduction in speed of processing or 
require equipment or energy for the heat treatment. Also, the improvements obtained are still insufficient. 
An object of this invention is to provide crystalline polypropylene and a crystalline polypropylene 

35 composition having improved rigidity, heat resistance and surface hardness. 

As a result of extensive studies, the inventors have found that rigidity, heat resistance, and hardness of 
polypropylene are closely related not only to crystallinity but to a long period which is an indication of the 
size of a unit constituting the solid structure, and thus reached the present invention. 

The present invention relates to crystalline polypropylene having a ratio of weight average molecular 

40 weight (Mw) to number average molecular weight (Mn) (Mw/Mn) of 10 or more, an intrinsic viscosity M of 
from 0.8 to 5.0 dl/g as measured in tetralin at 135 -C, a cold xylene-soluble content (CXS) of not more than 
4% by weight, a density (d) of 0.910 g/cm^ or more as measured at 23 •C, and a long period (L) (A) as 
measured at 25 • C by a small-angle X-ray scattering method satisfying the relationship: 

45 L i Lc = 6667d - 5894 

wherein d is a density at 23 " C; and Lc is a value (A) obtained by the equation: 

Lc = 6667d -5894. 

50 

The present invention further relates to a crystalline polypropylene composition comprising (A) cry- 
stalline polypropylene having an Mw/Mn ratio of 10 or more, an intrinsic viscosity h] of from 0.8 to 5.0 dl/g 
as measured in tetralin at 135*C, and a CXS of not more than 4% by weight and (B) from 1 ppm to 20% 
by weight, based on the composition, of a polymer of an a-olefin or vinylcycloalkane whose homopolymer 
55 has a melting point of not lower than 270 -C. said composition having a density (d) of 0.910 g/cm^ or more 
at 23*C and a long period (L) (A) satisfying the relationship: 

L ^ Lc = 6667d - 5894 
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wherein L. Lc, and d are as defined above. 

It is known that isotactic polypropylene usually has a lamellar structure consisting of alternating 
monociinic crystallites and amorphous regions; long period is a measure of the unit size of the structure and 
5 density reflects the degree of crystallization. However, the relations between the unit size of the lamellar 
structure and properties of polypropylene still have not been revealed well, while the degree of crystalliza- 
tion is noted as an important factor in the improvement of properties as described above. 

The inventors have made it clear that crystalline polypropylene whose long period (L; A) as obtained by 
a small-angle X-ray scattering method satisfies the relationship: 

70 

L ^ Lc = 6667d - 5894 

wherein d is a density (g/m^) at 23 'C; and Lc is a value (A) calculated from equation: 

75 Lc = 6667d - 5894 

has improved modulus, heat resistance, and surface hardness. 

It has also become clear that these properties are markedly improved further when the above-described 
crystalline polypropylene has a density (d) of 0.910 g/cm^ or more, preferably 0.911 g/cm^ or more, more 
20 preferably 0.912 g/cm^ or more at 23 • C. 

The solid structure of the crystalline polypropylene according to the present invention is characterized 
by its high density and short long period. The inventors have found that the density can be increased and. 
at the same time, an increase of the long period can be minimized by increasing the ratio of weight average 
molecular weight to number average molecular weight (Mw/Mn), an indication of molecular weight distribu- 
25 tion. and by reducing a low-crystalline polymer content. 

The Mw/Mn is 10 or more, preferably 15 or more. The low-crystalline polymer content, i.e., the amount 
of cold xylene-soluble part (CXS). Is not more than 4% by weight, preferably not more than 3% by weight, 
more preferably not more than 2% by weight. With these requirements being met. crystalline polypropylene 
having a high density and a long period whose increase is minimized can be obtained. 
30 A method for producing the crystalline polypropylene having the above-described solid structure is 
described below, but the present invention is not limited thereto. 

The method comprises compounding a polymer of an a-olefin or vinyicycloalkane whose homopolymer 
has a melting point of 270 'C or higher into crystalline polypropylene having an Mw/Mn of 10 or more, a 
low-crystalline polymer content (CXS) of not more than 4% by weight, and an intrinsic viscosity h] of from 
35 0.8 to 5.0 dt/g. preferably from 1.0 to 3.0 dt/g, as measured in tetralin at 135 'C. 

The a-olefin or vinyicycloalkane polymer is preferably a polymer of a 3-branched a-olefin or vinyi- 
cycloalkane having 5 or more carbon atoms, more preferably a polymer of vinylcyclopentane or vinyl- 
cyclohexane. The a-olefin or vinyicycloalkane polymer is used in an amount of from 1 wt ppm to 20 wt%, 
preferably from 10 v/t ppm to 15 wt%, more preferably from 50 wt ppm to 10 wt%, based on the polymer 
40 composition. 

The crystalline polypropylene having the above-specified molecular structure and solid structure 
according to the present invention can be formed into articles of various shapes through known techniques', 
such as injection molding, extrusion, blow molding, compression molding, vacuum molding, drawing, etc. 
If desired, the crystalline polypropylene of the present invention can contain any of additives usually 

45 employed for polypropylene, such as stabilizers, light stabilizers, antistatic agents, lubricants or flame 
retardants. The crystalline polypropylene can also be mixed with other polymers which are a homopolymer 
or copolymer of an a-olefin having from 2 to 18 carbon atoms, such as low-density polyethylene, linear low- 
density polyethylene, high-density polyethylene, polybutene, an ethylene-propylene rubber, an ethylene-1- 
butene copolymer, and a propylene-1-butene copolymer, or inorganic fillers, e.g., mica, talc or glass fibers. 

50 The method for producing the crystalline propylene polymer (A) having a broad molecular weight 
distribution is not particularty limited and includes, for example, a method of using two kinds of crystalline 
propylene polymers differring in molecular weight as disclosed in JP-A-50-37696, a method in which 
crystalline propylene polymers having different molecular weights are produced through multiple stages as 
disclosed in JP-A-59-172507 and JP-A-58-7406. and a method using a specific catalyst component as 

55 disclosed in JP-A-56-2307, JP-A-56-1 04909. JP-A-56-1 04910, and J P-A-56- 157407. 

The crystalline propylene polymer of the present invention provides a composition exhibiting excellent 
performance properties when it has an Mw/Mn of 10 or more, preferably 15 or more, the Mw/Mn can be 
determined by gel permeation chromatography (GPC). If the MW/Mn is less than 10, the resulting 
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10 



composition has low rigidity and low heat resistance. 

The improvement in rigidity can be further enhanced when the cr ystalline propylene polymer has a low 
content of a so-called low-crystalline Pjolynner comp onent which is soluble in cold xylene (20 * U) (nereinarter 
Teferred'tol^rCXSjrThe'C^ crystalline 'propylene polymer Is preferably not more than 4% by 

weight, more preferably not more than 3% by weight, mos t preferably not more than 2% by weig ht. The 
term "crystalline propylene polymer" as used herein embraces a _propylene homopolym er and a ^r^ndom 
copolymer of propylene and an a-olefin having from 2 to 18 carbon atoms other than propylene. The 
cr ysta l line propylene polymer may further be subjected to block_copolyn^^^ of propylene with an a- 

olefin having from 2 to 18 carbon atoms other than propylene to an extent of from 5 to 40% and preferably 
from 10 to 30% by weight based on the composition. In this case. It is necessary that the crystalline 
propylene polymer component obtained in the former stage should have the molecular structure as 
specified in the present Invention. 

The polymer (B) of the present invention is one or two or more polymers of an a-olefin or vinylcycloal- 
kane (hereinafter inclusively referred to as a vinyl compound) whose homopolymer has a melting point of 
75 270 -C or higher, preferably a polymer of a 3-branched a-olefin or vinylcycloalkane having 5 or more 
carbon atoms, more preferably a polymer of vinylcyclopentane or vinylcyclohexane. The vinyl compound 
polymer (B) may be a copolymer of a mixture of the above-described vinyl compounds or a random 
copolymer with a small proportion of other a-olefins. 

The vinyl compound polymer (B) is used in an amount of from 1 wt ppm to 20 wt%. preferably from 10 
20 wt ppm to 15 wt%. more preferably from 50 wt ppm to lO wt%, based on the polymer composition. 

The composition according to the present invention can be prepared by mixing the polymers (A) a nd 
( B) in a known manner , such as melt kneading o r solution mixing. At least a part of the composition of the 
""^^olymers (A) and (B) can be produced b y block copolymer ization. The block copolymerlzation method is 
advantageous In that a composition o f satisfacto ry dispersion can be prepared economically. 
25 The block copolymerization Is carried out in such a manner that polymerization of the vinyl compound 

is performed in any one stage of multi-stage copolymerization. For example, a first stage polymerizingj he 
vinyl compound Is fo llowed by a second stage polymerizing propylene ; or a first stage polymerizing 
propylene Is followed by a second stage polymerizing the vinyl compound, and further followed by a third 
stage polymerizing propylene. Further, in the stage of propylene polymerization, propylene may be random- 
30 or block-copolymerized with an a-olefin having from 2 to 18 carbon atoms other than propylene. 
The thus synthesized block copolymer may further be mixed with the polymer (A). 
Specific examples of suitable vinyl compounds are 3,3-dimethylbutene-1 . 3-methylbutene-1 , 4.4- 
dimethylpentene-1. 3-methylpentene-1 . 3-methylhexene-l , 3,5.5-trimethylhexene-l . vinylcyclopentene. vinyl- 
cyclohexane and vlnylnorbornane. 

The above composition of the present invention may contain from 5 to 40% by weight, based on the 
composition, of a polymer (C) which is a homopolymer or a copolymer of an a-olefin having from 2 to 18 
carbon atoms, preferably a low density polyethylene, a linear low density polyethylene, a high density 
polyethylene, a polybutene, an ethylene propylene rubber, an ethylene-1-butene copolymer, or a propylene- 
1-butene copolymer. 

40 The catalyst system which can be used for preparing the vinyl compound polymer (B) and/or the 
crystalline propylene polymer (A) having a broad molecular weight distribution is not particularly limited. 
Known Zlegler-Natta catalysts composed of a titanium compound, an organoaluminum compound, and an 
electron donating compound are suitably used. 

Polymerization for obtaining the vinyl compound polymer (B) and/or the crystalline propylene polymer 
45 (A) having a broad molecular weight distribution can suitably be carried out with or without a hydrocarbon 
solvent, e.g.. propane, butane, hexane, heptane, benzene, toluene, etc.. at a temperature between 20*0 and 
100 -C similar to polymerization of a-olefins using a general Ziegler-Natta catalyst. If desired, a molecular 
weight regulator, e.g.. hydrogen, may be used for molecular weight control. 

For the production of the crystalline propylene polymer having a broad molecular weight distribution, 
50 any of the above-described methods can be utilized. Suitable methods include (1) a method comprising 
mixing polymers having different molecular weights and (2) a method using a catalyst system capable of 
producing a polymer of broad molecular weight distribution. The method (1) can be embodied by a method 
In which two kinds of polymers differing In molecular weight are mixed in a dissolved or molten state or a 
method in which polymers having different molecular weights are produced through multi-stage polymeriza- 
tion. In the method (1). it Is preferable that the ratio of molecular weights of polymers to be mixed is as 
large as possible so as to obtain a broad molecular weight distribution. However, in the case of melt- 
kneading or continuous multi-stage polymerization, there is a disadvantage that the molded articles are apt 
to suffer from uneveneness or fish eyes according as the molecular weight ratio becomes larger. To 
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eliminate such a disadvantage, the method (2) is preferably adopted. 

Suitable catalyst systems to be used in the method (2) include those comprising (a) a titanium halide 
compound, (b) an organoaluminum compound, and (c) an electron donating compound, wherein the 
organoaluminum compound (b) Is selected from: 
5 (b-i) a compound represented by formula: 

R3-(m+n>AI(0R')„,Xn 

wherein R and R' each represents a hydrogen atom and/or an alkyl. alkynyl. alkenyl, alicyclic hydrocar- 
10 bon or aromatic hydrocarbon group having up to 18 carbon atoms; X represents a halogen atom; 0^m<2; 
0^n<2; and 0<(m + n)^2, 
as described in JP-A-56-2307. 
(b-ii) a compound represented by formula: 

15 R^3-(m+n)At(OSiR2R3R^)„Xn 

wherein R\ R^, R^, and R^ each represents a hydrogen atom and/or an alkyl, alkynyl. alkenyl, alicyclic 
hydrocarbon or aromatic hydrocarbon group having up to 18 carbon atoms; X represents a halogen 
atom; 0<m<2, 0^n<2; and 0<(m + n)^2, 
20 as disclosed in JP-A-56-104909, 

(b-iii) a compound represented by formula: 

R^ 3- (m+ n)Al Yn,Xn 

25 wherein Y represents NR^R^. SR^ or PR^R^O; R^, R^ R^, R^. R^, and R^° each represents a hydrogen 
atom and/or an alkyl. alkynyl, alkenyl, alicyclic hydrocarbon or aromatic hydrocarbon group having up to 
18 carbon atoms; X represents a halogen atom; 0<m<2; 0Sn<2; and 0<(m + n)^2, 
as disclosed in JP-A-56-1 04910. and 
(b-iv) a compound represented by formula: 

30 

R^l3_(^^n>Al(OOR^2)^X„ 

wherein R^^ and R^^ each represents a hydrogen atom and/or an alkyl. alkynyl. alkenyl, alicyclic 
hydrocarbon or aromatic hydrocarbon group having up to 18 carbon atoms; X represents a halogen 
35 atom; 0<m<2; 0^n<2; and 0<(m + n)^2; 
as disclosed in J P-A-56- 157407; 

and the electron donating compound (c) is selected from an oxygen-containing organic compound, a 
nitrogen-containing organic compound, a phosphorus-containing organic compound, and a sulfur-contain- 
ing organic compound. Specific examples of suitable electron donating compounds are methyl acrylate. 
40 methyl methacrylate, methyl benzoate. ethyl benzoate, methyl toluylate. methyl anisate and ethyl 
anisate. 

These catalyst systems can be used not only for polymerization for producing the crystalline propylene 
but for polymerization of the vinyl compound. 

The present invention is now illustrated In greater detail with reference to the following Examples. 
45 Unless othenft^ise indicated, ail the parts and percents are by weight in these examples. Various 
physical properties were determined as follows. 

1) Intrinsic Viscosity h] : 

50 Measured in tetraline at 135'C with a Ubbelohde's viscometer. 

2) Cold Xylene-Soluble Content (CXS) : 

A sample polymer weighing 0.5 g was put in 100 ml of xylene and dissolved by boiling for 30 minutes. 
55 The solution was kept at 20 *C for 1 hour. The polymer precipitated was separated by filtration, and the 
proportion of the polymer remaining in the solvent was taken as the cold xylene-soluble content. 



6 



3) Preparation of Specimens : 

The specimens were prepared otherwise specified. The specimen 
for measuring a long period and thaime, 

5 

4) Density (d) : 

Measured in accordance with Jl 

10 5) Long period (L) : 

An intensity of small-angle X-rpu-200" manufactured by Rikagaku 
Denski K.K., and a long period {L;,ngie reflection according to Bragg's 
formula: 

75 



20 

wherein X is a wavelength of X-ray^ intensity becomes maximum 

The wavelength of X-rays usedgnd the measuring temperature was 
25 -C. 

25 

6) Flexural Modulus : 

Measured according to ASTM I 
30 7) Vicat Softening Point (VSP) : 

Measured according to JIS K7J 

8) Rockwell Hardness : 

35 

Measured according to JIS K7; 

9) Molecular Weight Distribution : 

40 Expressed in terms of a rate Hw) to number average molecular 
weight (Mn) as determined by GPC 

The measuring conditions wen prepared using polystyrene as a 
standard. 

Chromatograph: Modiers Inc.) 

45 Column: Shoe 
Temperature: 1 40 * 

Solvent: o-Di(' 
Sample Concentration: 5 mc 

50 12) Izod Impact Strength : 

Measured at 23 ' C according 1 
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EXAMPLE 1 



Preparation of Solid Catalyst : 

5 1 ) Synthesis of Solid Intermediate: 

In a 500 ml-volume flask equipped with a stimo:had been 
displaced with argon, 110 ml of n-heptane and 67 le iypperature 
was maintained at 35 'C. A solution comprisingi qaiuminum 

70 sesquichtoride was slowly added dropwise throu^d ^jy,.g while 
keeping the inner temperature at 35 'C. After cc^ttui raised to 
60 "C. and the mixture was stirred for 1 hour, follonpe for liquid- 
solid separation. The solid was washed four tin^ie cjed under 
reduced pressure to obtain a reddish brown solid jo q 5.2 mmol 

75 of titanium and 7.0 mmol of n-butoxy group per gri 



2) Synthesis of Solid Catalyst: 



In a 100 ml-volume flask whose atmosphere iharQ4 g of the 
20 solid product as obtained in 1) above and 27 -e in flask was 
maintained at 65 'C. Then, 4.8 ml of di-n-butylhlori(^re added 
thereto, and the mixture was allowed to react atjg totd at room 
temperature for liquid-solid separation. The so!id)rtion n-heptane 
and dried under reduced pressure to obtain a solii . 

25 

Polymerization : 



In a 0.2 I -volume glass-made flask were ^^dratpurified n- 
heptane, 1.5 mmol of diethylalumlnum chloride, enixtuvas further 
Kcc->>;.;>fri^>^s^ 30 added 4.2 ml of vinylcyclohexane. and a polymerC fohours. The 

solid catalyst containing the produced vinylcyclotml oahydration- 
purified n-heptane, and a part of the slurry vund t 1.3 g of 
polyvinylcyclohexane was produced per gram of t 

Subsequently. 1 I of dehydration-purified nnum mpound of 

55 formula (C2H5)2AI(OBu)o.3Clo.7 (wherein OBu reprsethyl uylate, and 
0.640 g of the above-obtained solid catalyst corwerejccessively 
charged in a 3 I -volume SUS-made autoclavesphe had been 
displaced with argon. Then, 50 g of propylene a6 atmvere added 
thereto to continue the polymerization for an adjringie reaction, 

40 propylene was fed so as to maintain the polymolymization was 
terminated by addition of 50 ml of butanol, and llowinto stand at 
60 'C for 1 hour, the polymerization mixture ^7.5 (Of a vinyl- 
cyclohexane-propylene block copolymer. The pM.9ffli/g, and a 
CXS of 1.0% and contained 1890 ppm of the viny 

45 

Measurements of Physical Properties : 



To 100 parts of the resulting polymer were tname of tetrakis- 
[methylene-3-(3',5'-t-dibutyl-4-hydroxyphenyl)pro(2 part of 2.6-di-t- 
50 butyl-p-cresol (hereinafter abbreviated as BHT). fixture was melt- 
kneaded at 190*0 for 3 minutes in an 76 mm<^> (akusho K.K.) and 
molded to obtain specimens. The results of mihown in Table 1 
below. 
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EXAMPLE 2 

Preparation of Solid Catalyst : 
5 A solid catalyst was prepared in the same manner as in Example 1 . 

Polymerization : 

In a 02 t -volume glass-made flask were successively charged 100 ml of dehydration-purified n- 
w heptane 1.5 mmol of diethylaluminum chloride, and 1.0 g of the solid catalyst. Then. 17 ml of v.nyl- 
cyclohexane was added thereto to effect polymerization at 60 • C for 4 hours. 

Thp ^iiH r.«talvst containing the produced vinylc yclohexane polymer was washed w.th JOg,jiL°! 
deUy^^^^i^^ms^J^H^^^' and a pa rt of the slurry was analyz ed. As a result, .t was found that .1.2^5.. 
of Dolvvinvl cvclohexane was produced per gram of th e solid catalyst. ^ . l, t,.,^ 

,5 Subsequently, in a 3 I-volume SUS-made autoclave equipped with a st.rrer whose atmosphere had 
been displaced with nitrogen were successively charged 1 1 of dehydration-punf.ed n-heptane. 8-5 mmol of 
an organoaluminum compound of formula (C.HshAKOBujo.aClo.,. 0.85 mmol of methyl to^uylate. and 3.44 g 
Of the above-obtained so Nd catalvst containing the vinylcycloh exane pol;^. To the ^'xture vvere fed^^ 
Of pro pylene and hydroj iiT at a partial pressure 1.5 atm. to effect p-^er.zafon at ^O'C for 4 hours. 
20 Duhng?he po lymerization, propylene was fed so as to maintain the polymenzation pressure at 6 kg^m^G. 
The polymerization was terminated by addition of 50 ml of butanol. and the inner pressure was «leasef- 
followed by allowing to stand at 60-C for 1 hour. The polymerization mixture was taken out and ^^^red to 
obtain 233 g of a vinyl-cyclohexane-propylene block copolymer. The polymer had an lyiw/Mn of 11.8. a CXS 
of 1 8% and an [,] of 1.81 dl/g and contained 13400 ppm of the vinylcyclohexane polymer component. 



Measurements of Physical Properties : 

Physical properties of the resulting polymer were measured in the same manner as in Example 1. The 
results obtained are shown in Table 1 . 

EXAMPLE 3 

To a 5 7 m3-volume SUS-made reaction vessel equipped with a stirrer was fed propylene at 35* C to a 
pressure of 0.5 kg/cm^G. and 2.7 m3 of n-heptane. 20 mol of an organoaluminum compound of formula 
(C2Hs)2AI(OBu)o3Clo7. and 2 mol of methyl toluylate were successively added thereto. Then. 3020 g of a 
Sid catalyst contaming a vinylcyclohexanepropylene block copolymer prepared in ^^^/^^^^^ 
Example 1 was added thereto. After adjusting the temperature at 60-C. propylene was fed thereto at a rate 
of 500 kg/hr to elevate the inner pressure up to 6 kg/cm^G. Subsequently, the 

continued while feeding propylene so as to maintain the polymerization pressure at 6 kg/cm^G and feeding 
hylgen so as to maintain the gaseous phase concentration at 20% by volume. At the point when he tola 
amount of propylene fed reached 802 kg. propylene feed was stopped, and the polymenzat.on was further 
continued until the pressure fell to 3 kg/cm^G. 

The polymerization slurry was immediately transferred to an after-treatment vessel and. after the 
reaction was terminated by addition of butanol. allowed to stand at SQ-C for 13 hours. The slurry was 
45 washed with water, followed by liquid-solid separation to obtain 550 kg of a polymer. 

The'sulting polymer had an Mw/Mn of 14.0. a CXS of 1.4o/.. and an [.] of 1.90 dl/g and contained 
2180 ppm of the vinylcyclohexane polymer component. 
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Measurements of Physical Properties: 



50 



55 



TO 100 parts of the resulting polymer were added 0.1 part of Irganox® 1010. 0-2 part of BHT. and 0., g 
of calcium stearate. and the mixture was mixed in a Henschel mixer and then extruded at 230 ^ a^d 
pelletized by a 40 mm* pelletizer {manufactured by Tanabe Plastic Kika. K.K.). The specimens for physical 
property measurements were prepared using the pellets, and the physical properties were measured in the 
same manner as in Example 1. The results obtained are shown in Table 1 below. 
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COMPARATIVE EXAMPLE 1 



A propylene polymer was obtained in the sanne manner as in Example 1, except that polymerization of 
vinylcyclohexane was not conducted. The resulting propylene polymer had an h] of 1.94 dl/g. an Mw/Mn 
5 of 12.5, and a CXS of 0.8%. 

The physical properties of the resulting polymer were measured in the same manner as in Example 1 . 
The results obtained are shown in Table 1 below. 



COMPARATIVE EXAMPLE 2 

Physical properties of the polymer as obtained in Comparative Example 1 were evaluated in the same 
manner as in Example 1 , except that the composition for the preparation of specimens further contained 0.3 
part of aluminum p-t-butylbenzoate per lOO parts of the propylene polymer. The results obtained are shown 
in Table 1 below. 

EXAMPLE 4 



To 100 parts of the propylene polymer obtained in Comparative Example 1 was added 2 parts of a 
propylene polymer containing 2484 ppm of a vinylcyclohexane polymer which was prepared in the same 
20 manner as in Example 1. To 100 parts of the resulting polymer blend were added 0.1 part of Irganox® 1010 
and 0.2 part of BHT, and the mixture was melt-kneaded at 230 'C and 50 rpm using a 20 mm<^> extruder 
(manufactured by Tanabe Plastic Kikai K.K.). The resulting polymer had an Mw/Mn of 12.6 and contained 
48 ppm of the vinylcyclohexane polymer component. 

The polymer was press molded to prepare specimens, and the physical properties of the specimens 
25 were evaluated. As a result, they exhibited excellent rigidity and heat resistance as shown in Table 1 below. 



COMPARATIVE EXAMPLE 3 



1 ) Synthesis of Solid Catalyst : 

30 

In a 200 1 -volume reaction vessel whose atmosphere had been displaced with nitrogen were charged 
23 I of hexane and 28.6 kg of titanium tetrabutoxide, and the inner temperature was maintained at 40 • C 
while stirring at 47 rpm. 

To the mixture was slowly added dropwise 57 kg of a 40% hexane solution of ethylaluminum 

35 sesquichloride over a period of 3 hours, followed by stirring at 40'C for 30 minutes. The temperature was 
raised to 60 'C, followed by heat treatment for 1 hour. The reaction mixture was filtered, and the solid was 
washed three times with 90 I portions of hexane to recover a solid product. 

To the solid product was added 90 1 of hexane to form a slurry, and 1.2 kg of a 15% hexane solution 
of triethylaluminum was then added thereto. The temperature was raised to 40'C while stirring at 60 rpm, 

40 and 3.3 kg of an ethylene monomer was slowly fed thereto over 2 hours at 40* C to conduct preliminary 
polymerization. After completion of the preliminary polymerization, the reaction mixture was filtered, and the 
solid was washed once with 90 1 of hexane to recover an ethylene-prepoiymerized solid. The ethylene- 
prepolymerized solid was slurried with 90 t of heptane, and 17 1 of dilsoamyl ether was added to the slurry 
while maintaining the system at 30 *C, followed by allowing to react at 30 "C for 1 hour. Then, the 

45 temperature was elevated to 75 'C. and 13.5 I of titanium tetrachloride was added to the mixture, followed 
by allowing to react at 75 'C for 2 hours. After completion of the reaction, the reaction mixture was filtered, 
and the solid was washed four times with 90 1 portions of heptane. The solid was re-slurried with 90 I of 
hexane. and 1.6 kg of a 40% hexane solution of diethylaluminum chloride was added thereto. After heating 
to 40 'C, 4.5 kg of propylene was fed thereto over 2 hours, followed by filtration. The solid was washed 

50 once with 90 I of hexane and dried to obtain 20 kg of a solid catalyst component (1). The solid catalyst 
component (1) contained 18.4% of a trivalent titanium atom, 5.1% of isoamyl ether, 41.2% of chlorine. 1.6% 
of a butoxy group, and 33,7% of the polymer. 



2) Synthesis of Preliminarily Polymerized Catalyst : 

In a 300 1 -volume reaction vessel equipped with a stirrer whose atmosphere had been displaced with 
nitrogen. 2.15 kg of the solid catalyst component (1) as obtained in 1) above, 100 1 of butane, and 938 g of 
diethylaluminum chloride were charged, followed by stirring. The temperature was raised to 40 'C. and 
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propylene was fed to the vessel so as to maintain the pressure at 5 kg/cm^G. Atter a polymerization 
reaction was conducted for 2.45 hours, the propylene feed was stopped, and the polymerization mixture 
was filtered through a filter provided at the bottom of the vessel. 

To the residue was added 100 1 of butane, followed by stirring, and the slurry was filtered to obtain a 
pereliminarlly polymerized catalyst. The resulting preliminarily polymerized catalyst was transferred to a 
jacketed drum having a nozzle for nitrogen feed at the lower part thereof and dried by feeding a small 
amount of nitrogen while circulating warm water of 50 'C through the jacket, to obtain 26.9 kg of a 
preliminarily polymerized catalyst. 

3) Polymerization of Propylene 

After a 1 m^-volume fluidized bed type reaction vessel equipped with a stirrer was thoroughly purged 
with dehumidified nitrogen, and the gas was made to flow at a rate of 100 m3/hr by driving a gas circulator 
provided on the circulation line. The amount of the gas circulated was such that polymer particles might be 
held in a fluidized state throughout the polymerization stage and was kept constant until polymer particles 
were taken out from the reaction vessel after completion of the polymerization. Then, 60 kg of propylene 
polymer particles (propylene homopolymer having an l„] of 1.7 dl/g and an average particle size of 600 
um) was introduced Into the vessel for dispersing the catalyst. After displacing the atmosphere with 
propylene the inner pressure was elevated to 5 kg/cm^G by feeding propylene and hydrogen so as to have 
a hydrogen concentration of 8.8 mol%. Cocatalyst components composed of fifty grams of diethylaluminum 
chloride and 1.25 g of methyl methacrylate were fed from nozzle under hydrogen pressure, and then 42.6 g 
of the Drel iminarilv polym e rized catalyst obtained in 2) above was fed from another nozzle. 

The temperature was raised to 60 'C. and the pressure was kept at 5 kg/cm^G for 1 hour. The pressure 
was then raised to 18.0 kg/cm^G. and polymerization was continued. During the polymerization, hydrogen 
was fed so as to maintain the hydrogen concentration at 8.8 mol%. 

When the amount of the produced polymer reached 32 kg. part of the polymer particles was withdrawn 
leaving 60 kg within the reaction vessel to complete a first stage of polymerization. 

The same catalyst components as used in the first stage were fed to the reactor, except for changing 
the amounts of diethylaluminum chloride and methyl methacrylate to 28 g and 0.7 g, respectively, to carry 
out a second stage of polymerization. The polymerization conditions of the second stage were the same as 
in the first stage, except for using the polymer particles remaining in the vessel for dispersing the catalyst. 
The polymerization reaction was repeated 7 times in the same manner as described above. The whole 
amount of the polymer particles was withdrawn and transferred to a 200 I -volume mixing tank, where the 
polymer particles were treated with 100 g of propylene oxide and 60 g of methyl alcohol at 80-C for 2 
hours and then dried at 80 'C while blowing nitrogen to obtain a white powderous polymer. 

The resulting polymer had an fVlw/Mn of 8.5. an [t,] of 1.75. and a CXS of 1.9%. 

Measurement of Physical Properties : 

When the physical properties of the polymer were measured In the same manner as In Example 1 , the 
polymer had a low density (0.908 g/cm^) and a low flexural modulus (17600 kg/cm^). Then, in order to 
increase crystallinlty, specimens were prepared by slowly cooling a pressed sheet between cooling press 
plates with a 6 mm thick heat insulating plate of asbestos being placed on each press plate. The resulting 
specimens were evaluated in the same manner as in Example 1. and the results obtained are shown in 
Table 1. 

COMPARATIVE EXAMPLE 4 

The polymer obtained in Comparative Example 3 was added to 500 ml of xylene per 20 g of the 
polymer and dissolved by heating at 130-C. The solution was allowed to stand at 20 -C for 30 minutes, and 
the precipitated crystalline polymer was filtered to remove a cold xylene-soluble content. The recovered 
solid polymer was transferred to a Soxhiefs extractor and refluxed In boiling heptane for 6 hours to remove 
a boiling heptane-soluble content. The residue was dried under reduced pressure to obtain a polymer solely 
comprising a crystalline polymer. The resulting polymer was evaluated for physical properties in the same 
manner as In Example 1 , and the results obtained are shown in Table 1 . 

Comparative Example 3 shows an example in which crystalline polypropylene produced using a known 
catalyst system is molded by slow cooling. In this example, the density markedly Increased but. in turn, the 
long period (L) also increased. 
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Comparative Example 4 shows an example in which a non-crystalline polymer component is removed 
from the crystalline polypropylene obtained In Comparative Example 3 by fractionation thereby to obtain an 
increased crystallinity. 

In each of Comparative Examples 3 and 4. the long period (L) does not satisfy the relationship of 
5 L<667d-5894. and the effects of physical property improvement are small. 

COMPARATIVE EXAMPLE 5 

Polymerization of propylene was carried out in the same manner as in Example 3. except for using, as 
10 a catalyst system. (1) the solid catalyst containing a vinylcyclohexane polymer as synthesized In Example 
1 . (2) dtethylaluminum chloride, and (3) f-caprolactone. 

The resulting polymer had an M of 1.79 dl/g, a CXS of 1.7%. and an Mw/Mn of 8.0 and contained 
10000 ppm of the vinylcyclohexane polymer component. 

The physical properties of the polymer were measured in the same manner as In Example 1. and the 
,75 results obtained are shown in Table 1 below. 
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55 EXAMPLE 5 

In 5 t -volume glass-made flask were successively charged 3.3 I of dehydration-purified n-heptane. 165 
mmol of diethylaluminum chloride, and 500 g of a solid catalyst prepared in the same manner as m 
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Example l , and propylene was fed at 200 mmHg and at 60 ' C to carry out polymerization until the amount 
of propylene fed reached 400 g. Subsequently. 850 ml of vinylcyclohexane was fed over 1 hour, and the 
polymerization was continued for an additional 2 hours. The solid catalyst containing the propylene- 
vinylcyclohexane block copolymer was washed with 2 l of dehydration-purified n-heptane and dried to 
obtain 1562 g of a solid catalyst containing 400 g of the propylene polymer component and 662 g of the 
vinylcyclohexane polymer component. 

Subsequently, propylene was fed to a 5.7 m^-volume SUS-made reaction vessel equipped with a stirrer 
at 35- C to a pressure of 0.5 kg/cm^G. and 2.7 of n-heptane. 20 mol of an organoaluminum compound 
of formula (OBu)o3AI(C2Hs)2Clo7. and 2 mol of methyl toluylate were successively charged. Then. 1170 g of 
the above-prepared solid catalyst containing the vinylcyclohexanepropylene block copolymer was added 
thereto After the temperature was adjusted to 60 • C, propylene was fed at a rate of 500 kg/hr to a pressure 
of 9 kg/cm^G Subsequently, propylene was fed so as to maintain the pressure at 9 kg/cm^G and 
polymerization was continued while feeding hydrogen so as to maintain the gaseous phase concentration at 
20% by volume. When the amount of propylene fed reached 970 kg. the propylene feed was stopped, and 
the polymerization was further continued for 1.0 hour. The pressure at the end of the polymenzation was 5 
kg/cm^G The monomers in the reaction vessel were released to decrease the pressure to 0.5 kg/cm^G, and 
the temperature was adjusted to 50 -C. At this time, a polymer sample for analysis was taken, and 
polymerization of a former stage was completed. Subsequently, ethylene was fed to raise the polymeriza- 
tion pressure to 3 kg/cm^G, and polymerization was continued while feeding a propylene monomer 
containing 45% of ethylene so as to maintain the pressure at 3 kg/cm^G. During the polymerization, 
hydrogen was fed so as to maintain the gaseous phase concentration at 1.7 vol%. At the point where the 
amounts of propylene and ethylene fed reached 75 kg and 69 kg. respectively, the polymerization was 

completed. , . . » , 

The polymerization slurry was immediately transferred to an after-treatment tank, and butanol was 
25 added to terminate the polymerization, followed by treating at 60' C for 3 hours. The thus treated slurry was 
washed with water, followed by liquid-solid separation, to obtain 750 kg of the polymer. 

The polymer produced in the former stage had an [,] of 1.60 dl/g. an Mw/Mn of 16.2. a density (d) of 
0 912 g/cm3. and a long period (L) of 177 A that was less than the Lc value (186 A). The finally produced 
block copolymer had an [,] of 2.26 dt/g and an ethylene content of 6.1% and contained 661 ppm of the 
30 vinylcyclohexane polymer component. 

Measurement of Physical Properties : 

To 100 parts of the polymer were added 0.1 part of Irganox® 1010 and 0.2 part of BHT. and the 
mixture was melt-kneaded in a 20 mm<t> extruder (manufactured by Tanabe Plastic Kikai K.K.) at 230*0 and 
50 rpm and press molded to obtain specimens for measuring physical properties. As a result, the 
specimens were excellent in rigidity and heat resistance as shown in Table 2 below. 
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COMPARATIVE EXAMPLE 6 



A propylene polymer was produced in the same manner as in Example 5. except that polymenzation of 
vinylcyclohexane was not conducted. The polymer produced in the former stage had an [,] of 1.57 dt/g, an 
Mw/Mn of 14.8. a density (d) of 0.908 g/cm^. and a long period (L) of 187 A. that was greater than the Lc 
value (160 A). The finally produced polymer had an [,,] of 2.16 dl/g and an ethylene content of 7.3%. The 
physical properties of the polymer were evaluated in the same manner as in Example 5. As a result, the 
molded article obtained was inferior to the specimens of Example 5 in rigidity and heat resistance as shown 
in Table 2 below. 
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AS described above, the crystalline polypropylene according to the present invention, which has an 
Mw/Mn of 10 or more, an [,] of from 0.8 to 5.0 dl/g. a CXS of not more than 4% by v^^'S*^*- °' 
0 910 g/cm3 or more, and a long period (L) obtained by a small-angle X-ray scattenng method at 25 C 
satisfying the relationship LS6667d-5894. is excellent in rigidity, heat resistance and surlace hardness 

Further, the composition comprising the crystalline propylene polymer and a polymer of an a-olef.n or 
vinylcycloalkane whose homopolymer has a melting point of 270 'C or higher has markedly excellent 
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rigidity and heat resistance. 
Claims 

5 1. Crystalline polypropylene having a ratio of weight average molecular weight (Mw) to number average 
molecular weight (Mn) (Mw/Mn) of 10 or more, an intrinsic viscosity M of from 0.8 to 6.0 dl/g as 
measured in tetralin at 135'C. a cold xylene-soluble content (CXS) of not more than 4% by weight, a 
density (d) of 0.910 g/cm^ or more as measured at 23 'C. and a long period (L) (A) as measured at 
25 'C by a small-angle X-ray scattering method satisfying the relationship: 

70 

L S Lc = 6667d - 5894 

wherein d is the density at 23 'C; and Lc is a value (A) obtained by the equation: 
75 Lc = 6667d - 5894. 

2. A crystalline polypropylene composition comprising (A) crystalline polypropylene having a ratio of 
weight average molecular weight (l^w) to number average molecular weight (Mn) (Mw/M) of 10 or more, 
an intrinsic viscosity M of from 0.8 to 5.0 dl/g as measured in tetralin at 135 "C, and a cold xylene- 
20 soluble content jr^P; ) nf nnt mnr^ th ?n 4% by weight and (B) from 1 ppm to 20% by weight, based on 

the composition, of a polymer of an a-olefin or vinylcycloalkane whose homopolymer has a melting 
point of not lower than 270°C,said composition having a density (d) and a long period (L) as defined in 
Claim 1 . 

25 3. A crystalline polypropylene composition as claimed in Claim 2, wherein the polymer (B) is a polymer of 
a 3-branched a-olefin or vinylcycloalkane having 5 or more carbon atoms. 

4. A crystalline polypropylene composition as claimed in Claim 2, wherein the polymer (B) is a polymer of 
vinylcyclopentane or vinylcyclohexane. 

30 

5. A crystalline polypropylene composition as claimed in Claim 2. wherein the polymer (B) is one or two 
or more polymers of an a-olefin or vinylcycloalkane whose homopolymer has a melting point of not 
lower that 270°C. 

35 6. A crystalline polypropylene composition comprising crystalline polypropylene as claimed in Claim 1 
which has been subjected to block copolymerization of propylene with an a-olefin having from 2 to 18 
carbon atoms other than propylene to an extent of from 5 to 40% by weight based on the compostion. 

7. A polypropylene or compostion as claimed in any preceding claim, wherein the ratio (Mw / Mn) is 15 or 
40 more. 

8. A polypropylene or composition as claimed in any preceding claim, wherein said CXS content is not 
more that 3% by weight. 

45 9. A composition as claimed in any of Claims 2 to 8, which also contains (C) from 5 to 40% by weight. 

based on the composition, of a homopolymer or copolymer of an a-olefin having from 2 to 18 carbon 
atoms. 

10. A crystalline polypropylene composition as in Claim 9. wherein the polymer (C) is a polymer which is 
50 selected from low-density polyethylene, linear low-density polyethylene, high-density polyethylene. 

polybutene. an ethylene-propylene rubber, an ethylene-l-butene copolymer and a propylene-1-butene 
copolymer. 

Patentanspruche 

55 

1. Kristallines Polypropylen mit einem Verhaltnis von Gewichtsmittel des Molekulargewichts (Mw) zu 
Zahlenmittel des Molekulargewichts (Mn) (Mw/Mn) von mindestens 10. einer Grenzviskositat h]. 
gemessen in Tetralin bei 135'C, von 0.8 bis 5,0 dl/g. einem in kalten Xylol loslichen Anteil (CXS) von 
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hochstens 4 Gew.-% einer Dichte (d) von mindestens 0,910 g/cm^. gemessen bei 23 -C. und einer 
Langperiode (L) (A), gemessen bei 25 "C durch ein Rontgenkleinwinkelstreuungsverfahren. das der 
Beziehung: 



L S Lc = 6667d - 5894 



entspricht. worin d die Dichte bei 23 -C bedeutet; und Lc einen Wert (A) darsteilt. der nach der 
Gleichung: 

Lc = 6667d - 5894 

erhalten wird. 

2 Kristalline Polypropylenzusammensetzung. umfassend (A) kristallines Polypropylen mit einem Verhalt- 
nls von Gewichtsmlttel des Molekulargewichts (Mw) zu Zahlenmittel des Molekulargewichtes (Mn) 
(Mw/Mn) von mindestens 10. einer Grenzviskositat [,]. gemessen in Tetralin bei 135 -C. von 0.8 bis 5,0 
dl/g und einem in kaltem Xylol ISslichen Anteil (CXS) von hochstens 4 Gew.-%. und (B) von 1 ppm b,s 
20 6ew-% bezogen auf die Zusammensetzung. eines Polymeren eines a-Olefins oder Vmylcycloal- 
kans. dessen Homopolymeres einen Schmelzpunkt von mindestens 270 -C hat. wobei die Zusammen- 
setzung eine Dichte (d) und eine Langperiode (L). wie in Anspruch 1 definiert. hat. 

3. Kristalline Polypropylenzusammensetzung nach Anspruch 2. worin das Polymere (B) ein Polymeres 
eines dreifach verzweigten a-Olefins oder Vinylcyloalkans mit mindestens 5 KohlenstoHatomen ist. 

4. Kristalline Polypropylenzusammensetzung nach Anspruch 2. worin das Polymere (B) ein Polymeres von 
Vinylcyclopentan oder Vinylcyclohexan ist. 

5. Kristalline Polypropylenzusammensetzung nach Anspruch 2, worin das Polymere (B) ein Oder zwei oder 
mehrere Polymere eines a-Oleflns Oder Vinylcycloalkans ist. dessen Homopolymeres einen Schmelz- 
punkt von mindestens 270 'C besitzt. 

6 Kristalline Polypropylenzusammensetzung. umfassend kristallines Polypropylen nach Anspruch 1. das 
einer Blockcopolymerisation von Propylen mit einem a-Olefin mit 2 bis 18 Kohlenstoffatomen. das nicht 
Propylen ist, in einer Menge von 5 bis 40 6ew.-%. bezogen auf die Zusammensetzung, unterzogen 
worden ist. 

7. Polypropylen oder Zusammensetzung nach einem der vorangehenden Anspruche. wobei das Mw-Mn- 
Verhaltnis mindesten 15 betragt. 

8. Polypropylen oder Zusammensetzung nach einem der vorangehenden Anspruche. worin der CXS- 
Gehalt hSchstens 3 Gew.-% betragt. 

9. Zusammensetzung wie nach einem der Anspruche 2 bis 8. die auQerdem (C) von 5 bis 40 Gew.-%^ 
bezogen auf die ZusammenseUung. eines Homopolymeren oder Copolymeren eines a-Olefins mit 2 
bis 18 Kohlenstoffatomen enthSlt. 

10. Kristalline Polypropylenzusammensetzung nach Anspruch 9, worin das Polymere (C) ein Polymeres, 
ausgewahit aus Polyethylen niederer Dichte. linearem Polyethylen niederer Dichte. Polyethylen hoher 
Dichte. Polybuten, einem Ethylen-Propylen-Kautschuk. einem Ethylen-Buten-1 -Copolymeren und einem 
Propylen-Buten-1 -Copolymeren, ist. 



Revendicati ns 



Polypropylene cristallin ayant un rapport entre le poids mol^culaire moyen en poids (Mw) et le poids 
moleculaire moyen en nombre (Mn) (Mw/Mn) de 10 ou plus, une viscosite intrinseque [,] de 0 8 a 5.0 
dl/g mesur§e dans la t6traline a 135-C. une teneur en soluble dans le xylene froid (CXS) non 
supgrieure a 4 % en poids. une densite (d) de 0.910 g/cm3 ou plus mesuree a 23-C. et une penode 
tongue (L) (A) mesuree ^ 25-C par une methode de dispersion des rayons X sous un faible angle 
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satisfaisant a la relation suivante : 
L ^ Lc = 6667d - 5894 

dans laquelle d est la densite a 23*C; et Lc est une valeur (A) obtenue par Tequation : 
Lc = 6667d - 5894. 

Une composition de polypropylene cristallin comprenant (A) du polypropylene chstallin ayant un 
rapport entre le poids moleculaire moyen en poids (Mw) et le poids moleculaire moyen en nombre 
(Mn) (Mw/Mn) de 10 ou plus, une viscosity intrinseque [tj] de 0.8 a 5.0 dl/g mesuree dans la t^traline a 
135'C. et une teneur en soluble dans le xylene froid (CXS) non superieure a 4 % en poids et (B) de 1 
ppm a 20 % en poids. base sur la composition, d'un polymere d'une a-olefine ou d'un vinylcycloalcane 
dont rhomopolymere a un point de fusion non inferieur a 270 'C, ladite composition ayant une density 
(d) et une perlode longue (L) telles que definies dans la revendication 1 . 

Une composition de polypropylene cristallin selon la revendication 2, selon laquelle le polymere (B) est 
un polymere d'une a-olefine a 3 ramifications ou d'un vinylcycloalcane ayant 5 ou plus de 5 atomes de 
carbone. 

Une composition de polypropylene cristallin selon la revendication 2, selon laquelle le polymere (B) est 
un polymere de vinylcyclopentane ou de vinylcyclohexane. 

Une composition de polypropylene cristallin selon la revendication 2, selon laquelle le polymere (B) est 
un ou deux ou plusieurs polymeres d'une a-olefine ou d'un vinylcycloalcane dont I'homopolymere a un 
point de fusion non inferieur a 270 * C. 

Une composition de polypropylene cristallin comprenant le polypropylene cristallin tel que d^fini dans 
la revendication 1 qui a ete soumis a une copolymerisation en masse du propylene avec une a-ol§fine 
ayant de 2 k 18 atomes de carbone autre que le propylene dans la mesure de 5 a 40 % en poids 
basee sur la composition. 

Un polypropylene ou une composition selon I'une quelconque des revendications precedentes, selon 
laquelle le rapport (Mw/Mn) est de 1 5 ou plus. 

Un polypropylene ou une composition selon Tune quelconque des revendications precedentes, selon 
laquelle la teneur en CXS n'est pas superieure a 3 % en poids, 

. Une composition selon I'une quelconque des revendications 2 ^ 8 qui contient egalement (C) de 5 ^ 40 
% en poids. bas^ sur la composition, d'un homopolymere ou d'un copolymere d'une a-olefine ayant de 
2 k ^8 atomes de carbone. 

0. Une composition de polypropylene cristallin selon la revendication 9, selon laquelle le polymere (C) est 
un polymere qui est choisi parmi le polyethylene basse densite. le polyethylene basse density lineaire. 
le polyethylene haute densite. le polybutene, un caoutchouc d'ethylene-propylene, un copolymere 
d'ethylene-1-butene et un copolymere de propylene-1-butene. 
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